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PRESENTING AN IMPORTANT SERIES OP LIFE BOOKS . . . 

Designed to simplify 
. . . unify 
. . . organize 
and dramatize 

the whole fascinating world of science 

*** LIFE SCIENCE LIBRARY *** 

You Are Invited to Reserve 
MATHEMATICS — VOLUME I 
of This Exciting Series— 
to Read Free for Ten Days, 
with No Obligation to Buy 


Dear Reader: 

When an American astronaut orbits the earth, every one of us shares the 
excitement of this scientific triumph. But how many of us really under¬ 
stand what keeps a satellite in orbit? 

When headlines report a controversy over the relative safety of the polio 
virus in the Salk and Sabin vaccines, we all know our own health is involved 
But how many of us really know what virus is? 

And what are transistors, exactly? Or neutrons? Or energy? 

Science, once the province of the scientist alone, is now the dominant 
factor in our lives, the province of everybody. Yet too often the great 
scientific renaissance we live in escapes our understanding. 

For many months the Editors of TIME-LIFE BOOKS worked on a series of books 
that simplify and unify, organize and dramatize the whole fascinating world 
of science. They met with the nation's leading scientists and researchers• 
They pored over the literature of science. They experimented with new ways 
and means to explain and picture things scientific. 

The result is the Life Science Library, a series of text-and-picture 
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books in the great tradition of the Life Nature Library and the Life 
World Library. And they are strikingly different from any books about 
science you have ever seen. 

For you and your family the Life Science Library will . . . 

. . . simplify science by using hundreds of color photographs, 

paintings and animated diagrams to open a wide pic¬ 
ture window on this world and illustrate the simple 
truths that gave rise to its epic achievements. 

For example, you will see how nuclear, power evolved 
out of an untested theory that matter (the stuff of 
the universe) could be ohanged into energy (the 
force that makes things run). 

. . . unify science by showing you the interrelation of all its 

concepts — to each other and to our lives. You examine 
the cell the way the scientist does: as the basic en¬ 
tity of life. You see how the biological sciences — 
from botany to zoology and anatomy to physiology — all 
begin with an understanding of the simple cell. 

. . . organize science by dividing knowledge into the elements of 

our universe (matter, energy and machines) and the ele¬ 
ments of life itself (the cell, the body end the mind). 
Brilliant scientist-authors bring you this world the 
way the scientist sees it: full of adventure and the 
excitement of discovery, presented to you in the language 
of the intelligent layman for clear understedding. 

. . . dramatize great scientific ideas by introducing you to the 

people who conceived them and taking you back in time 
to the exciting events that surrounded their conception. 

Thus, you meet Stone Age man and learn how he devised 
simple number systems to add the days and divide the 
seasons. By doing so you gain new insight into the 
complex calculations of the 20th Century in which lit¬ 
erally millions of additions and subtractions can be made 
in seconds, to guide a moon shot through the heavens. 

The Life Science Library is vitally important to the whole family: educational 
and entertaining for adult readers . . . invaluable background for young 
careerists in business and industry . . . enrichment and guides for future 
careers for students in schools and universities. 

The first volume in the Life Science Library is MATHEMATICS. It is a beautiful 
book, conceived after careful planning and consultation with professional 
mathematicians. It is the first book in the series for good reason: mathe¬ 
matics is the language of science, it is a way scientists talk to one another, 
it is the branch of science which is indispensable to all other branches. 
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MATHEMATICS will show you this language, stripped of abracadabra and pre¬ 
sented as the simple truths that take the mystery out of mathematics and 
reveal the beauty of mathematical forms. You can understand MATHEMATICS 
even if you no longer remember seventh grade arithmetic. And when you have 
finished, you will know what simple principles underlie complex computations 
and why they are important in your life. 

Its 35,000 words of background text will take you on a vastly entertaining 
journey through the history of mathematics and survey the whole sweep of 
mathematical ideas, simply and excitingly. Its striking LIFE picture 
essays will give you a visual grasp of mathematical abstractions and show 
you how these abstractions take on form and beauty in the world around you. 

Because this book is so extraordinary I would like you and your family to 
enjoy the opportunity to examine it. 

Therefore, I would like to send you a copy of MATHEMATICS — 
for free examination . The enclosed Reservation Card carries 
your name and address. Mail it and it will bring you 
MATHEMATICS to read and examine for ten days, without any 
obligation to buy the book . 

And at the same time, this card will reserve for you the privilege of 
examining additional volumes in the Life Science Library series — on 
the same free-examination, no-obligation-to-buy terms. 

MATHEMATICS is the first volume in this series of books which TIME-LIFE BOOKS 
issues every two months to Life Science Library subscribers. Among the volumes 
to follow are MATTER, ENERGY, MACHINES, THE CELL, THE BODY, THE MIND and 
other equally comprehensive volumes. All books are on approval. The 
price is only $3.95 (plus shipping) per volume. You may accept as many 
or as few as you wish. You pay for each book only after you have seen it. 
Nearly half a million subscribers in the United States and Canada are 
already enjoying this service. 

But whether or not you decide to continue examining future volumes in the 
Life Science Library, I hope you will want to see MATHEMATICS — particularly 
if there are young people in your home who are just awakening to the 
adventure of scientific exploration. 

For it is mathematics that has been the sharp leading edge 
of nearly all scientific advances in civilization. In con¬ 
ceiving geometry, the Greeks provided an intellectual basis 
for their pre-eminence as artists, architects, philosophers 
and poets. As they Improved arithmetic and navigation, the 
Arabs dominated the Mediterranean Sea for 400 years. By 
welding Greek geometry and Arab algebra together in Analytio 
Geometry and Calculus, the Europeans of the Renaissance helped 
pave the way for the Industrial Revolution. With the aid of 
the Probability Theory, the sweatshops and cogwheels of the 
Industrial Revolution were transformed into the mass production 
techniques of our society of abundance. 
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With the applications of Higher Geometry and Tensor Analysis, 
man has penetrated outer space. With Number Theory and 
Symbolic Logic, mein has shortened his work days and increased 
his individual productivity. 

In LIFE’S book MATHEMATICS you will share the excitement of these mathe¬ 
matical ideas and meet the men who gave them life end application to lifet 
from Greeks such as Archimedes and Pythagoras whose musings and sketches in 
the sand later became the inspiration for flame-throwing war machines, stringed 
instruments and early computers -- to Albert Einstein, whose E-mc* led to the 
creation of the atom bomb end changed the course of man...end dozens more. 

MATHEMATICS is a big book, 8£ x 11 inches. It contains 
200 pages — 72 in full color. It features scores of 
diagrams and marginalia that demonstrate the concepts 
of mathematics by showing you the uses of mathematics. 

The text is by David Bergamini, author of the Life Nature 
Library volume, THE UNIVERSE. He has been a student of 
mathematics for more than 20 years and a LIFE science 
editor for ten years. 

I invite you now to accept MATHEMATICS for free examination. We will send 
it to you as soon as we receive your reservation card. You and your family 
may read it for ten days, without any cost or obligation to buy. At the end 
of this time you may return the book without further commitment. Or, if you 
feel that this is a volume you will want for your permanent library, you pay 
only $3.95 plus shipping and handling. (If another edition is sold in 
retail stores it will sell at a higher price than I can offer you now.) 

A reservation to see future volumes in the Life Science Library, on approval, 
will be entered in your name. As these volumes are issued, they will be 
mailed to you, subject to the same terms as MATHEMATICS. Naturally, you 
may cancel this preview reservation any time you choose simply by notifying us. 

Just mail the enclosed reservation card, and I will have a copy of MATHEMATICS 
sent to you immediately. There is no obligation. You have nothing to lose; 
you keep the book only if you feel it will be an important addition to your 
library that every member of your family will come to value highly. 

I sincerely urge you to return the card today because I believe you will be 
delighted if you do. 



RA/LSE 

P.S. Please see the color brochure enclosed. It shows you some of the 

striking pictures you will see in MATHEMATICS. It describes chapter- 
by-chapter what you will read. 









RESERVATION FORM 



First Volume of the 


SCIENCE LIBRARY 


_ YES * * ★ I WOULD LIKE TO 

Please send it to me for ten days 7 free exami¬ 
nation and enter a trial subsciption to the LIFE 
SCIENCE LIBRARY. If I decide to keep the book, 

I will pay only $3.95 (plus shipping and han¬ 
dling). You may then confirm my reservation 
to receive future volumes in the LIBRARY, sent 
a volume at a time at 2-month intervals, at 
the same price of $3.95. These volumes are also 


EXAMINE MATHEMATICS . 

to be sent to me on approval, and I may re¬ 
turn any volume within ten days after receiving 
it, and may cancel my reservation at any time 
simply by notifying you. If, after examining this 
first book, I do not choose to keep it or become 
a subscriber, I may return the book within ten 
days, thereby cancelling my reservation for future 
volumes, and I am under no further obligation. 
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Please Initial Here_ 


SCHOOLS and LIBRARIES: 

Please address your order to 

Silver Burdett Company, Morristown, New Jersey 


9192 XXXVIII 
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TIME-LIFE BOOKS 


TIME and LIFE Building 
Chicago, Illinois 60611 
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YOU ARE INVITED TO 
ENJOY THE FIRST VOLUME 

MATHEMATICS 

FOR TEN DAYS FREE, 

WITH NO OBLIGATION TO PURCHASE IT 


SH 


Each bold new thrust man makes into space dramatizes the dynamic role 
that science plays in the world of the 60’s and the world of the future. For 
the past half-century, more startling discoveries have been achieved in this 
field of learning than in any other. Science, once the esoteric province of the 
laboratory, is now headline news—an exciting world to know, an essential 
world to understand. 

For three years, a task force of Life photographers, editors, researchers 
and artists have joined with scientific writers and consultants to study ways 
and means to bring you vivid and informative word-and-picture accounts of 
the fascinating world of modern science. 

The result is the Life Science Library, a series of books dramatically dif¬ 
ferent in two ways. First: they show you science the way the scientist sees 
it—full of exciting ideas, beautiful forms, and the adventure of discovery; at 
the same time they are presented to you in the language of the intelligent 
layman so that they are as entertaining as they are educational. Second: they 
cover fully each branch of science: explain its structure, relate its history 
and introduce you to its great leaders as well as its applications to modern 
life and society. In short, these books clearly picture the “why it is so” in 
addition to the “how it is done” of science. 

Now, knowledge of these needs plus the same vast resources that have 
brought readers such outstanding volumes as the Life Nature Library and 
the Life World Library, were used to prepare this great series of books: the 
Life Science Library. Large in format, beautifully illustrated with color photo¬ 
graphs and animated diagrams, planned and written by the finest scientific 
authors and consultants, Life Science Library volumes will take you to 
worlds you never knew so well before—to explore mathematics, to investi¬ 
gate machines, to see how our minds and bodies work the way they do, to 
learn what energy is and how it works. 

For the present at least, these books will be available only from Life. The 
first volume in the series, MATHEMATICS, is described in this circular. Other 
titles are shown here as well. Thoughtful readers, particularly those with 
children, are invited to take advantage of an offer to examine MATHEMATICS 
at no cost, and to receive other volumes as they are issued. 
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MATHEMATICS measures 8 V 2 x 11 inches 
(the two-page spread shown here is actual size). 
It contains 200 pages, with hundreds of paint¬ 
ings, photographs, charts, diagrams and line 
drawings. There are 35,000 words of authorita¬ 
tive text, 72 pages of full color. Complete index. 
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:he basic techniques of algebra and geometry, 
one found in school curricula. Emphasis was 
mt on the exciting history of mathematics, the 
jty of its forms; on understanding what mathe- 
it is created. 
led. Intelligent individuals recognize the inti- 
lern approach to the presentation of mathe- 
>ols and universities. Arresting and absorbing 
[ve been established to bring the science of 


jy explore mathematics with the same sense 
I; approach this branch of thought with fresh 


insight into its structure and procedure; gain a deep satisfying knowledge of its myriad 
applications in life; and see the world around him with a new sense of the debt that 
beauty and understanding owe to mathematics. 

The editors of Life, in MATHEMATICS, bring you a delightful and informative intro¬ 
duction to the wonderful world of mathematics. They introduce you to the people involved 
in the history of mathematics. They survey for you the whole sweep of mathematical 
ideas. And they do it with such lively style and penetrating skill that we believe you will 
find MATHEMATICS a book of information, reference and enjoyment that surpasses any 
other volume on the subject that you have seen. 

With MATHEMATICS, Life presents an invaluable service ... the Life Science Library. 
You are invited to examine a copy of this volume for ten days, without any cost or 
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Among other volumes in the series are 



MATTER 


Matter is the basic stuff of the universe. It is fuel 
that powers rockets; liquid so cold that it climbs 
out of a glass; coal that turns into diamonds. 
Matter is metal from the earth and the sea, alloys 
of metal that have changed history, and today, 
the atomic bomb and the hydrogen bomb. This 
volume presents the nature, the properties, and 
the evolution of matter in word-and-picture terms 
that you will read and absorb with eagerness. 


LIFE SCIENCE LIBRARY 

THE CELL. 



ENERGY 


Energy is the capacity to do work. Energy runs 
everything. A falling stone has energy. Is it the 
same energy as that of a soaring space ship? The 
sun and the rainbow are aspects of energy and so 
is heat and sound and electricity and magnetism. 
In this book you see the uses of energy, its appli¬ 
cations to everyday life, the limitless sources of 
energy we will tap in the future. 




MACHINES 

Anything with moving parts is a machine, from 
a lever to a locomotive. The first machines were 
simple ways to make work easier. The prolifera¬ 
tion of machines brought on the Industrial Revo¬ 
lution. Today, machines govern business and the 
kitchen, war and travel: they pervade our lives. 
Life's book traces the machine from the discov¬ 
ery of fire to the harnessing of nuclear power, 
from the invention of the wheel to the building of 
rockets to the moon. 



















THE CELL 

The cell is the basic entity of life. By itself it 
functions fully; joined with other cells to form 
tissues and organs it becomes part of a system 
that is a plant or a body. How cells get their food, 
reproduce and defend themselves is the basic 
study of scientific effort to prolong life and halt 
the march of disease. In this volume you go back 
to the origin of the first living things and see how 
man’s evolution and search for a better life all 
derive from an understanding of the simple cell. 



THE BODY 


In this volume you explore the marvels of the 
human form: its organs and organ systems, its 
skeleton and senses, its chemistry and its co¬ 
ordination. You see how the body works; why we 
get sick and why we get well; what makes us 
young and old. Just what is basal metabolism? 
How can we best understand the miracle of re¬ 
production—the mysteries of heredity? 

TIME-LIFE BOOKS 

Time and Life Building, Chicago, Illinois 60611 



THE MIND 


You can hold the brain, center of your intelli¬ 
gence, in your hand. Understanding how it works 
is something else again. Only in recent years have 
we begun to discern the nature of instincts, how 
brain cells work, how the brain directs the body, 
the nature of memory and the ability to learn. 
Life’s book explores what we know about our 
minds and their powers and examines the funda¬ 
mental question: are we getting any smarter? 


Consulting Editors for the LIFE SCIENCE LIBRARY 

RENE DUBOS j ' ' 

Member and Professor, 

The Rockefeller Institute 

Dr. Dubos is an internationally famous biologist 
and the discoverer of the antibiotic tyrothricin. 

v'ff.Vv..,.." ■ _ i,' . ■*. -j.tJ V v-■- 

RESERVE YOUR FREE EXAMINATION COPY OF MATHEMATICS NOW 


DR. HENRY MARGENAU 

Professor of Physics and Natural 
Philosophy, Yale University 

Dr. Margenau, a noted physicist and teacher, is 
an editor of American Journal of Science. 


C. P. SNOW 

Parliamentary Secretary 
Ministry of Technology , London 
Lord Snow, a physicist and author, is well known 
for his views on the role of science in society. 


MATHEMATICS is a strikingly different book about science. No description can 
really do it full justice. We hope you will want to sample it first-hand—see how 
it is as entertaining as it is instructive, how its beauty and color help you see 
the world of mathematics with excitement and understanding. That is why Life 


now offers you a free ten-day examination copy of MATHEMATICS—for you to 
enjoy and share with your family, entirely without obligation to buy. The 
enclosed card is valuable—to you, and to you alone. We suggest, therefore, that 
you check the acceptance square at once and mail the card today! 


PRINTED IN U.S.A. 


© 1963, Time Inc. 















THE DECIMAL SYSTEM OF COUNTING 

Th« familiar decimal ayatem of counting neada juat 10 aym- 
bola—0 and the digita 1 through 9-to write any number, 
no matter how large. All the numbers in thia convenient aya¬ 
tem are built up out of blocks valued at. 1. IP and powers of 
10(suchaa 100.whichia 10x10; 1,000,whichislOx 10 x 10; 
etc.). Aa ia shown in the table under the row of blocks below, 
to build the number 3 requires three 1-blocks. To build the 
number 13, for the sign in the grocer's window at right, re¬ 
quires one block of 10 and three blocks of 1. Similarly, 49 
needs four 10a and nine Is; 126 needs one 100-block, two 
10s and five Is. Reading from left to right, every decimal num¬ 
ber ia a summary of the kinds of blocks it takes to build it up. 


BANANAS 


The Wonderful 
Yes-or-No Language 
of Punched Cards 


The punched card, emblem of the age of 
electronic computers, was invented near¬ 
ly 250 years ago, when it was used in a 
loom (left) to speed the weaving of pat¬ 
terned fabrics. But the holed cards really 
came into their own in 1890 when they 
were used in a mechanical computer to 
handle U.S. census figures—at a saving 
of five million dollars. 

Today the punched card is an indis¬ 
pensable tool of the electronic computer. 
Data are recorded on the cards by punch¬ 
ing holes in specific locations. These holes 
can be “read” by computers in much the 
same way the loom follows its weaving 
pattern; the computer's electric current, 
like the loom’s needle, either pierces the 
card at a given spot or does not, depend¬ 
ing on whether there is a hole there. 

Since the computer is limited to this 
pierce or no-pierce response, all numbers 
being fed into it must be punched into 
the cards in a code made up of holes or 
no-holes. All sorts of punched-card codes 
have been devised, including the basic 
binary code which operates on the binary 
number system explained on the oppo¬ 
site page. Binary numbers, made up of 
combinations of 1 and 0, are represent¬ 
ed on the cards by holes and blanks. 


COUNTING BY POWERS OF 10 


COUNTING BY POWERS OF 2 


THE BINARY SYSTEM OF COUNTING 

Tha binary aystam uses blocks worth 1, 2 and powers of 2 
(suchas4, which is 2 x 2; 8, which is 2 x 2 x 2; ate.). To build 
the number 3 from binary blocks requires one 1-block and 
one 2-biock, so it is written 11. To build binary 13 for the 
grocery at the right requires qne 8-block, one 4-block, no 
2-blocks and one 1-block-written as 1101. The number 49 
needs one 32. one 16. no 8, no 4, no 2 and one 1 -written 
as 110001. In the same way, 126 is written as 1111101. 
In tha yes-no language of electronic computers, when the 
binary system writes 100 as 1100100. it is really saying: “A 
block of 64. yes; e block of 32. yes; a block of 16, no; a block 
of 8, no; a block of 4, yes; a block of 2, no; a unit, no." 


WEAVING BY THE CARD 

In 1728 a French engineer invented this au¬ 
tomatic loom An endless chain of punched 
cards was set to rotate past the needles of 
the loom As the cards moved by. only the nee¬ 
dles which matched holes were able to pen¬ 
etrate. and their threads determined the pattern 


BANANAS 


PUNCHING BY MACHINE 

By 1890 Herman Hollerith, an American engi¬ 
neer, had perfected the first data-processing 
machine to use punched cards. The holes had 
to be punched one by one, but by 1916 the 
device at right had been patented to solve this 
problem, punching nine holes in a card at once. 
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CHAPTER I Man’s first experience with numbers was tied to his need to 
measure: to count the days, divide the seasons, plan the harvests. First he used “one” 
and “many,” later a system of twenty numbers (from his fingers and toes) and even a 
system of sixty numbers, before arriving at the 10-basic Arabic system we use today. In 
Chapter I you learn how our number system developed, and how the most sophisticated 
problems are now being solved by the simplest counting system of all. You will under¬ 
stand why “a score” came into being, why we have 60 minutes in an hour, why the French 
express 80 as “four twenties.” You will understand why mathematics is truly the uni¬ 
versal language, and why it is the language scientists contemplate using when attempts 
are made to communicate with intelligent life on other planets. 



















































































Navigators 
Charting Courses 
to Outer Space 



Aside from universities, the Department 
of Defense and the aircraft and electron¬ 
ics industries are the chief employers of 
mathematicians in the United States. One 
important field in which they work is ce¬ 
lestial exploration: mathematicians—like 
the two shown here—must do the spade¬ 
work for the space race. For a single space 
flight, they must compute about 100 tra¬ 
jectories, then choose the best one—plus, 
another 20 or so alternatives for emergen¬ 
cies. Among the myriad factors they have 
to deal with are the possibilities of colli¬ 
sion with meteorites, the safest routes 
through radiation, and the weight and 


rate of expenditure of fuel. The actual fig¬ 
uring of each trajectory takes a computer 
a matter of seconds—but only after five 
people have worked four or five months 
to feed it the correct information. 

Not until the mathematicians are fin¬ 
ished can the engineers proceed with the 
construction of spacecraft and launching 
of flights. The importance of mathemat¬ 
ics was underscored in the first Mariner 
flight toward Venus. A minute typograph¬ 
ical slip in one mathematical equation 
that was fed into a computer ruined the 
entire flight—the $18.5 million Mariner 
went off course and had to be destroyed. 


A PERFECTER OF QUESTIONS 

Poring over figures in the computer laboratory 
(right) is the RAND Corporation's athletic Dr 
Richard Bellman, who plays one of the most 
furious games of tennis in California. His math¬ 
ematical specialty is dynamic programming, 
which sets up a computer so that it can keep 
finding answers as the problem it is working on 
changes. Typical examples are the mmute-to- 
minute guidance of a satellite or day-to-day 
analysis of the fluctuating stock market The 
difficulty, says Dr. Bellman, is in formulating a 
problem. "We often find." he says, "that a good 
Question is more important than a good answer " 




THE "THREE-BODY" EXPERT 
Examining a transparent celestial sphere is 
General Electric's cheerful specialist in space 
mechanics. Victor Szebehely deft) . who enjoys 
predicting a phenomenon in the skies by deduc¬ 
tion and letting someone else observe it in fact. 
"If he can t observe it." says Szebehely airily. 
"I don't admit that it doesn't exist I say that 
he might not know how to observe." Recently 
he has been directing work on ways to slow 


down a spaceship before a moon landing. But 
he calls his most important contribution his 
study of the "three-body problem calculat¬ 
ing how three celestial bodies—the earth, the 
moon and a spaceship, for example—constant¬ 
ly change position in relation to one another 
No one formula has yet been found to cover all 
celestial trios, but Szebehely*s techniques have 
proved immensely valuable in space exploration. 



CHAPTER II 


Building on the pioneering brilliance of the Babylonian cal¬ 


culators, the ancient Greeks, through geometry, established the foundations of mathe¬ 
matics as it exists today—-on the basis of logical proof. Their work was done amid drama 
and strife. Pythagoras and his mystical society of philosopher-mathematicians went from 
discovery to discovery until they foundered on their discovery of irrationals, which to 
them were disastrous flaws in the perfection of numbers. Zeno baited the Pythagoreans 
with his famous paradoxes. Euclid wrote his great Elements which became one of the best¬ 
selling books of all time. Then the slaying by the Romans of the great mathematician and 
applied engineer Archimedes postponed until the 20th Century “The Golden Age of Mathe¬ 
matics”—whose practitioners are portrayed by LIFE photographer Alfred Eisenstaedt. 
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CHAPTER III From the cryptic inscriptions of ancient Egypt and Babylo¬ 
nia emerges algebra—that potent method and symbolism that is the basic dialect of 
all modern mathematics. This chapter tracks mankind’s painful struggle to find ways of 
breaking down algebraic equations: the trial and error of the pragmatic Babylonians 
and Egyptians, the pure theory of the Greek geometers, the patient research of the Hindu 
and Moslem scholars, and the intellectual wagering matches of the Renaissance’s wily 
equation-solvers. Here you can follow man’s tussle with the riddles of negative and 
imaginary numbers. Paintings, manuscripts and rare artifacts make vivid the major con¬ 
tributions of history’s great civilizations to the steadily growing science of mathematics, 
while marginal diagrams illustrate principles discussed in the text. 


The Pervasive 
Influence 
of the Stars 


From the earliest times, mathematicians 
have fastened their gaze on the heavens. 
Islamic astronomers of the Middle Ages— 
having learned from captured Greek texts 
how to build mathematical instruments 
—were setting up observatories and chart¬ 
ing the movements of stars and planets 
while contemporary Europeans were igno¬ 
rant of nearly all ancient science. 

However, as mathematical knowledge 


filtered into a Renaissance Europe in love 
with science but still married to supersti¬ 
tion, a sharp division began to appear be¬ 
tween the true science of astronomy and 
the pseudo science of astrology. “God did 
not create the planets and stars with the 
intention that they should dominate man,” 
the great Swiss physician Paracelsus com¬ 
mented in 1541, “but that they, like oth¬ 
er creatures, should obey and serve him.” 


EARLY CHRISTIAN STARGAZERS 

This 13th Century French miniature, the fron¬ 
tispiece to a psalm book, shows three medieval 
monks practicing astronomical techniques new¬ 
ly introduced from Islam. The man in the center 


sights a star along the bar of an astrolabe as an 
assistant at the right reads from astronomical 
tables, and a clerk (left) records the observations. 
They may have been working on a calendar 


ASTROLOGY WITHOUT STARS 

Using a geomantic calculator like the one above, 
p 13th Century Moslems could cast a horoscope 
k based on chance rather than observation. Lots 
were drawn and the results, registered on the 
calculator dial, gave the planets arbitrary po¬ 
sitions from which the horoscope could be cast. 


FIGURING THE EARTH'S TILT 

By aligning the top rings of an armillary sphere 
(left) with various celestial bodies. Moslem as¬ 
tronomers of the 16th Century could calculate 
the time of day or year, or measure the tilt of the 
earth's axis or the height of the sun. This instru¬ 
ment is an exact copy of an ancient Greek model. 
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MOSLEM MAP OF THE HEAVENS 

This 13th Century astrolabe is engraved with a 
star map which can be rotated to find the posi¬ 
tion of stars on any night. On its opposite side 
is a movable bar used for sighting the angle 
that sun and stars make with the horizon, in 
order to determine latitude and the time of day. 
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A SPIRALED FLOWER 

The diagram above reveals the double spiraling 
of the daisy head at right. Two opposite sets of 
rotating spirals are formed by the arrangement of 
the individual florets in the head. They are also 
near-perfect equiangular spirals. There are 21 
in the clockwise direction and 34 counterclock¬ 
wise. This 21:34 ratio is composed of two adja¬ 
cent terms in the mysterious Fibonacci sequence. 


ilar arrangements of opposing spirals are 
found in pine-cone scales (5 one way, 8 
the other), the bumps on pineapples (8 
and 13) and the leaves of many trees. 

This phenomenon is made all the more 
mysterious by its relationship with a cer¬ 
tain mathematical sequence known by the 
nickname of its medieval discoverer, Leo- 


ple shapes, but has created all kinds of 
intricate mathematical designs, including 
a variety of spirals. For example, the shell 
of the chambered nautilus (opposite) is an 
equiangular, or logarithmic, spiral: as can 
be seen -in the diagram, the curve of the 
spiral always intersects the outreaching 
radii at a fixed angle. Logarithmic spirals 
also occur in the curve of elephants’ tusks, 
the horns of wild sheep and even canaries’ ci sequence is produced by starting with 1 

claws. Similar, though less precise, spirals and adding the last two numbers to arrive 

are formed by the tiny florets in the core at the next: 1,1,2,3,5,8,13,21,34, etc. The 
of daisy blossoms (above). The eye sees daisy’s spiral ratio of 21:34 corresponds to 
these spirals (diagram at upper left) as two two adjacent Fibonacci numbers, as do 
distinct sets, radiating clockwise and the pine cone’s 5:8 and the pineapple’s 
counterclockwise, with each set always 8:13—and the same is true of many other 
made up of a predetermined number of plants with a spiral leaf-growth pattern. 


A SPIRALED SHELL 

The cutaway of a chambered nautilus shell (op¬ 
posite) shows its compartments. Only the out¬ 
ermost is the animal's home at any given time 
Collectively, these chambers form an equiangu¬ 
lar spiral (above): the black spiral intersects 
all of the white radii at exactly the same angle, 
so that the angles A. B. C and so on around 
the shell are always identical to one another. 


CHAPTER IV 


In the 17th Century the versatile French soldier-mathema¬ 
tician Descartes discovered how to wed geometry and algebra so that every geometrical 
shape or curve could be expressed by an algebraic equation and vice versa. This union, 
called analytic geometry, paved the way to the use of mathematical methods in all 
branches of human knowledge and especially in the exact sciences. You recognize how 
your own street address holds the key to understanding Descartes’ discovery. The double 
spirals in the flower above have a mysterious numerical relationship to each other which 
is echoed in the Golden Rectangle proportions of the Greek Parthenon and many great 
paintings. In a stunning series of pictures you see how many of the forms in nature 
along with beautiful works of art all embody simple mathematical concepts. 
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leonem,” which, freely translated, means “I recognize the lion by his paw.” 

Logicians of the next generation sharply criticized both Newton and 
Leibniz for having used the equivalents of infinitesimals—for having 
added up nothings to create the somethings of areas, and for having 
shaved down rates of change to instantaneous slopes measured in no time 
at all. The Irish metaphysician Bishop Berkeley, in an essay entitled 
“The Analyst,” examined the logic of Newton’s “fluxions” and concluded, 
“They are neither finite quantities, nor quantities infinitely small, nor 
yet nothing. May we not call them the ghosts of departed quantities. . . ?” 

Mathematicians of the 19th Century were to satisfy such critics by in¬ 
voking new standards of rigor for calculus. But meanwhile it met the test 
of success—it worked. Scientific problems capitulated to it as the walls 
of Jericho to Joshua’s trumpets. Indeed the chief danger was one of self- 
satisfaction. Using calculus, scientists explained every process in nature 
as a sequence of actions and reactions, of causes and effects. Nature, 
however, cannot be determined in this easy mechanical way. Anyone 
knows that there are slips between cup and lip—accidents in the forces 
which produce motion. But the laws of these accidents are also mathe¬ 
matical. And, as we shall see, mathematicians contemporaneous with 
Newton and Leibniz were working them out as the laws of chance. 
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Calculus: A Way 

of Probing 

the Changing World 


When the great 17th Century mathematicians Isaac Newton and Gottfried Wil¬ 
helm von Leibniz developed calculus as a way of measuring motion, they were, 
in a sense, introducing to mathematics the principle of the motion picture. For 
just as a movie film consists of repeated still pictures of a moving object (as in 
the panels opposite), so does calculus break motion down into “stills” that can 
be observed “frame by frame.” Once calculus was invented, mathematicians 
could treat a moving object as a point tracing a path through space and, by 
“stopping the action,” calculate the object’s speed and acceleration at a specific 
instant. This mathematics of motion became a fundamental scientific tool. The 
earth we stand on is in motion; so are the molecules of the air we breathe. With 
calculus such movements can be defined even though they cannot be seen. 
Although some of its abstractions are as difficult as anything in mathematics, 
calculus is based on a few simple ideas—function, approximation, rate of 
change, convergence, integration—which are explained on the following pages 


"STOPPING" THE FLIGHT OF A CAT 

The famous sequence of photographs on the op¬ 
posite page, showing a startled cat breaking into 
a run, was taken in \887 by Eadweard Muy¬ 
bridge, inventor of a prototype motion-picture 


machine. These split-second pictures show that 
a continuous motion can be broken into small in¬ 
crements of change. In a similar way. calculus 
treats motion as an infinite number of "instants." 
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Siilli; Si 8s iSfi 8if Is! IS ISi@ 

Can a curve be analyzed as a series of infinitely small 
straight lines that are constantly changing direction? Yes, said German philosopher- 
mathematician Gottfried Wilhelm Leibniz and English scientist Isaac Newton. Independ¬ 
ently of each other they invented the calculus that proved it. In this chapter you meet 
these men and see how they developed calculus as a kind of mathematical movie camera 
that enables scientists to study the vast world that is in motion—things that rise and fall, 
speed up and slow down, increase and decrease—everything from cannon balls and plan¬ 
ets to prices. A brilliant LIFE picture essay demonstrates how business and industry 
depend on calculus to chart their futures, how the entire path of a jet plane’s flight, a 
leaping cat or a man in space can be mathematically determined by the calculus. 













































































































































































































































































































































































CHAPTER VI You've flipped a quarter into the air 10 times and each 
time it came up heads. What are the chances it will be heads the next time? A similar 
question once asked by a gambler of a mathematician led to the study of Pascal’s tri¬ 
angle, an elegant summary of gambling odds that formed the basis for a new type of 
mathematics, the laws of probability. Here you learn what your chances are to win in 
face of the odds, how insurance moved from a gamble to a business (why doesn’t Lloyd’s 
of London lose money?), how statistics predicts what the many will do by asking the few. 
You see how understanding games of chance gives businessmen the key to maintaining 
quality control in the factory, meteorologists a look ahead at next month’s weather, 
physicists the ability to predict chain reactions. 


An Immutable Law 
That No One 
Can Count On 


The theory of probability deals only with 
the general—never the specific. For exam¬ 
ple, probability gives the young lady op¬ 
posite one chance in 38 of winning on any 
given roulette number—but it makes no 
guarantee. She may win 10 times in a row; 
she may play 100 times and never win. 

Besides refusing to be specific, proba¬ 
bility is oblivious to setbacks. The ar¬ 
rangement of the dice below, a graphic 


display of what is possible with a single 
toss of two dice, shows that the chances 
of throwing "snake eyes” (double 1) are 1 
in 36. But if a player should get snake eyes 
100 times in a row, that would not lessen 
by one iota the 1 in 36 probability that 
his 101st turn will come up as a double 
1. In this regard, probability has been lik¬ 
ened to a kind of faith—improvable on 
the one hand, immutable on the other. 


PLAYING A WHEEL'S ANGLES 

A blond player lays her bet on the spin of a 
Las Vegas roulette wheel. Probability says she 
will lose—not necessarily on this turn, but in 
the long run. The house gives odds of 35 to 
1. But actually there are 38 slots the ball may 
drop into (36 numbers, plus 0 and 00. visible 
at the far end of the board) In this way the 
house gains a theoretically unbeatable advan¬ 
tage in long-haul probability of 5 s /is per cent. 


WEIGHING THE CUBES' ROLL 

The paired dice above show all 36 possible 
combinations of a red die ttop row) with a 
green die (left). All arrangements to get a 
roll of 7 are shown diagonally, from lower left 
to upper right. Note that while there are only 
three possible number combinations that make 
7 (6 and 1.5 and 2. 4 and 3). there are six ac¬ 
tual combinations of individual dice—a green 6 
with a red f. a red 6 with a green 1. and so on. 
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Classical "flat" space 


A representation of curved space 


Ov 


Curved apace applied to the cosmos 

THE COSMIC SPACE OF EINSTEIN 
A celestial body such as a star (yellow ball) can 
be viewed as the center of a section of Rie- 
mann's curved space. According to Relativity, 
the star's mass creates the curvature, and it Is 
this wantage of space rather than the puH of a 
body on others that causes the effects of gravity. 



Explosive 

Proof of Einstein's 
Mathematics 


The power of mathematics has rarely been 
shown more effectively than through Rela¬ 
tivity. Though mathematicians long ago 
accepted abstractions such as infinities or 
square roots of negative numbers, Rela¬ 
tivity seemed to run counter to everyday 
experience. Yet it pulled all the observed 
facts so neatly together that the scientists 
were intrigued. 

As more and more evidence came in, the 
scientists’ intrigue turned to conviction of 
Relativity’s rightness. Using equations 
based on his ideas, Einstein was able to 
make certain predictions about the world. 
Although these also seemed contrary to 


common sense, scientists were soon veri¬ 
fying them with amazing consistency. 
Light rays appear to bend as Einstein 
predicted; orbits of planets have strange 
quirks that classical physics cannot ac¬ 
count for, but that Relativity explains; 
time, length and weight appear to grow or 
shrink when bodies move at great veloci¬ 
ties, just as Einstein theorized. 

For the layman, the most unforgettable 
demonstration was one that confirmed 
the accuracy of a Relativity equation in¬ 
dicating matter and energy are forms of 
the same thing. The awesome evidence 
came with explosions like the one below. 


OUR DENTED SOLAR SYSTEM 

A clay model shows how the sun (yellow) and 
the surrounding planets all create their own 
curved pockets in space, according to Einstein's 
theory. Einstein predicted that because of this 
warping, light rays passing near heavenly bod¬ 
ies would be bent—and scientists have verified 
this deflection. Much the same thing happens 
to a spaceship; its path wobbles through the 
"depressions" of the cosmos, just as if it were 
a golf ball rolling across an undulating green. 



GETTING ENERGY FROM MATTER 

The purple glow .of the atomic reactor above 
and the H-bomb's fireball at right are the fruits 
of a Relativity equation. This equation. E = me 2 . 
states that matter and energy are equivalent. 
One can obtain energy (E) equal to the quantity 
of the matter (m) multiplied by the square of the 
fantastic speed of light (c): 186.000 miles per 
second. Theoretically, one pound of any kind 
of matter contains enough energy to propel the 
largest ocean liner on two Atlantic crossings. 
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CHAPTER VII The political revolution that swept Europe in the 19th 

Century had its counterpart in mathematics. Carl Friedrich Gauss, greatest mathema¬ 
tician and astronomer of his time, and his student, Bernhard Riemann, modernized 
Euclidean geometry with unconventional concepts of mathematical curved spaces where 
the shortest distance between two points is a curved line, concepts applied by Einstein 
to give a new view of our universe. These men, and others, formed the basis for today’s 
nuclear physics. MATHEMATICS shows you how they did it and what it means to our 
lives today. You learn the structure of modern mathematical ideas. Concepts you may 
have felt formidable become clear when you see how they apply in countless ways to 
your immediate world. 
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